Evidence that disease due to the thermally dimorphic fungus Paracoccidioides brasiliensis occurs postpuberty predominantly in males led us to hypothesize that hormonal factors critically affect its pathogenesis. We show here that estrogens inhibit mycelial-to yeast-form transformation of P. brasiliensis in vitro. Transformation of three isolates was inhibited to 71, 33, and 19% of the control values in the presence of 10-10, 10-8, and 10-6 M 17i-estradiol, respectively. The synthetic estrogen diethylstilbestrol was active but less potent than estradiol, whereas testosterone, 17a-estradiol, tamoxifen, and corticosterone were inactive. This function was specifically inhibited, since yeast-to-mycelium transformation, yeast growth, and yeast reproduction by budding were unaffected by 171-estradiol. Of note is the fact that mycelium-to-yeast transformation occurs as the first step in vivo in the establishment of infection. The cytosol of the three isolates studied possesses a steroid-binding protein which has high affinity for 17j3-estradiol. We believe that this binding protein represents a P. brasiliensis hormone receptor which can also recognize mammalian estrogens. We hypothesize that the ability of estrogen to decrease or delay mycelium-to-yeast transformation at the initial site of infection contributes to or is responsible for the marked resistance of females, and that the binder described is the molecular site of action.
Paracoccidioidomycosis, which is caused by the dimorphic fungus Paracoccidioides brasiliensis, is endemic in regions of Latin America (25) . A striking fact in its epidemiology is the increased frequency of the disease in males; the male/female ratio of the disease in Colombia is 48:1 (22) . In contrast, skin test studies in endemic areas indicate that infection is equally common in males and females, because there is no sex-based difference in reactors to the fungal extract, paracoccidioidin (1, 13, 27) . It is also noteworthy that there is no sex-based difference in those who acquire the disease before puberty (23) .
These data suggest that hormonal factors play a critical role in the pathogenesis of the disease. Although increased male susceptibility occurs in a variety of infectious diseases and sex hormones influence immune responses and killing by toxic oxygen metabolites (11, 14) , such findings would not appear to sufficiently explain why the sex ratio in paraeoccidioidomycosis is so much more pronounced than in other infections. We therefore hypothesized that sex hortnones might directly affect the behavior of the fungus in vivo. It has been shown that fungi use message molecules (some of these are steroidal) to modulate certain functions (3, 9, 12) , analogous to hormone systems in higher eucaryotic organisms. More recently, it has been shown that fungi pathogenic for humans may be influenced by mammalian steroid hormones: a protein in Candida albicans which binds corticosterone and progesterone with high affinity and specificity has been characterized (18) , and Coccidioides immitis * Corresponding author. growth has reportedly been accelerated by mammalian steroid hormones (reviewed in reference 6).
In our initial studies with P. brasiliensis, we demonstrated a high-affinity, low-capacity, estrogen-binding protein in cytosol from the yeast form (19) . In this report we show that estrogens, but not other steroid hormones, suppress in vitro the transition between the mycelial and yeast forms of P. brasiliensis. This transition must occur during the initial establishment of infection after the fungus gains access to the host through its portal of infection, the lungs (28) . This effect, moreover, appears specific for this P. brasiliensis function in our studies. We also show that the isolates affected contain a protein which binds estrogens. This binding protein is believed to be the molecular site of action of the hormonal effect described.
MATERIALS AND METHODS Isolates. Isolates of P. brasiliensis (Mon, Gir, and Ru) from patients were maintained by monthly transfers in the mycelial or yeast form on agar slants prepared with modified McVeigh-Morton (MVM) medium (26) at 20 to 25 or 36°C, respectively.
Effect of hormones on mycelium-to-yeast transformation. Mycelia were harvested from cultures grown for 6 to 10 days at 20 to 25°C in liquid MVM medium on a gyratory shaker (120 rpm). Homogenization was performed in a laboratory blender in one or two 5-s bursts until the supernatant, when observed in a microscope after 10 min of gravity sedimentation, consisted of well-dispersed hyphal fragments. This supernatant was adjusted to a turbidity equivalent to tube 5 of the McFarland scale (8) . A microculture system previous-ly described (24) was used for the assays. The compounds to be assayed were diluted in ethanol and mixed with agitation at 56°C with MVM medium and agar or agarose to a final concentration of 2 x 10-6 M. Tenfold or 100-fold dilutions of these compounds in medium plus agar were also prepared. Controls consisted of identical concentrations of ethanol in medium plus agar (0.6%, vol/vol) for the 2 x 10-6 M preparation and 10-or 100-fold dilutions which matched the dilutions of the hormone in ethanol. Ethanol at these concentrations was later shown not to affect transformation compared with the controls lacking ethanol. The agar mixtures were allowed to gel at 4°C, and 1-cm2 blocks were transferred aseptically to a sterile microscope slide. Inoculum (0.005 ml) was applied to the blocks and allowed to penetrate for 5 min. A sterile cover slip was then applied and sealed with a 1:1 mixture of petrolatum and paraffin, and the slide was incubated in a humid chamber at 36°C for 5 days. Two microcultures were set up at each concentration in each experiment for each isolate studied, and at least three experiments per isolate were performed. The blocks were examined microscopically (100 cells per microculture), and the percentage of mycelial fragments untransformed or transformed to yeast-form cells (28) (19) . Contamination was excluded by subculturing on blood agar plates before harvesting.
Cells were harvested, washed, and suspended in Tris-molybdenum homogenization medium (pH 7.8) (18) . The cells were lysed by vigorous agitation with 250-to 300-p.m glass beads on a vortex mixer (17) . The lysate was centrifuged in a microfuge (Beckman Instruments, Inc., Fullerton, Calif.) at 9,000 x g for 15 s, and cytosol was prepared from the supernatant by ultracentrifugation at 4°C as previously described (18) . Binding studies. Cytosol was incubated with tritiated estradiol for 3 h at0°C, a period sufficient for the mixture to reach equilibrium (17) . Nonspecific binding was assessed in all experiments by incubating identical samples with a 500-fold molar excess of unlabeled estradiol. Bound steroid was separated from free steroid on a microgel exclusion column (18) . The column was precentrifuged at 130 x g for 2 to 3 min at 0 to 4°C to remove most of the buffer from the column.
Cytosol samples (200 p.l) were loaded onto the microcolumn, which was placed in a 13-mm tube and centrifuged, and the eluate, containing protein-bound hormone, was collected. The cytosol protein concentration was measured by the Coomassie dye binding technique (2) .
Effect of hormone on yeast-form growth and budding.
Spectrophotometric analyses of growth and growth inhibition were performed with one isolate in the presence of either hormone or appropriate ethanol control by using techniques previously described (10) . Cultures were inoculated with yeast-form cells at 103 cells per ml from MVM agar slants and were incubated at 35°C in MVM medium on a gyratory shaker (250 rpm).
Liquid medium cultures were studied for the rate of bud formation in a similar fashion, with a starting inoculum of 105 ml-,. Cultures were set up in duplicate, 200 cells from each pair of cultures were examined, and the number of buds per cell was counted.
RESULTS
Effect of mammalian hormones on conversion of form in P. brasiliensis: mycelium-to-yeast conversion. Three isolates were studied extensively. In the absence of added hormones, mycelium-to-yeast transformation occurred in 35 to 80% of cells in these experiments (Fig. 1) . We found that of five hormones, analogs, and antagonists examined in detail, 17,B-estradiol consistently inhibited mycelial-to yeast-form transformation in vitro over the range of concentrations tested ( Fig. 2) . This was the case with all three isolates, although there were small differences between isolates. For the three isolates we found that 17p-estradiol inhibited transformation at 64 to 77, 24 to 46, and 12 to 26% of the control value at concentrations of 2 x 10-1o, 2 x 10-8, and 2 x 10-6 M, respectively (Fig. 2) . P. brasiliensis Gir was the least susceptible at the lower concentrations.
There was also a clear dose-response correlation with each of the three isolates for the three 17p-estradiol concentrations. Such correlation was seen with only one other agent, the synthetic estrogen diethylstilbestrol (DES). In seven of the nine data sets (Fig. 2) , 17,-estradiol was the most inhibitory agent tested. In the other two sets (P. brasiliensis Ru, 2 x 10-6 and 2 x 10-8 M), DES was slightly more inhibitory. The specificity of the effect is shown by the lack of influence of 17a-estradiol (Fig. 2) , a closely related molecule which has no or weak estrogen effect in mammals. A few experiments were also done with 10-fold dilutions of agents instead of 100-fold, and they showed similar evidence of a dose response with 17p-estradiol (data not shown). In addition to the hormones shown in Fig. 2 , other experiments (data not shown) showed that corticosterone (2 x 10-6 to 2 x 10-8 M) had no effect on transformation.
In summary, the mean of the data from three strains ( Fig.   2) showed inhibition of mycelium-to-yeast transformation at 71, 33, and 19% of the control value with 17,-estradiol concentrations of 2 x 10-10, 2 x 10-8, and 2 x 10-6 M, respectively. The DES effect at these concentrations resulted in inhibition at 85, 54, and 37% of the control transformation rates, respectively. None of the other three agents showed a significant effect; the mean for the three isolates ranged from 84 to 120% of controls for all three concentrations and was 106 to 120% for all three agents at 2 x 10-10 and 2 x 10-8 M. We obtained information on the conservation, through multiple in vitro passages in the mycelial form, of the ability of P. brasiliensis to be inhibited by estradiol in its myceliumto-yeast transformation. Several sets of the studies on transformation included above were performed within 3 months of isolation of the organism from the patients. Studies performed more than 1 year after isolation, after monthly serial passages, showed indistinguishable susceptibility to 171-estradiol.
Effect of hormones on conversion: yeast-to-mycelium conversion. The specificity of the hormonal effect on myceliumto-yeast transformation was also suggested by the studies with yeast-to-mycelium transformation. Only a slight effect was seen with any of the agents tested at any concentration on any of the three isolates (the results with the three were indistinguishable). At the highest (and nonphysiological) concentration, 2 x 10-6 M, inhibition of transformation expressed as above as percent transformation (mean of three isolates) compared with the control values was 66% for DES, 79% for testosterone, 82% for tamoxifen, 86% for 17p-estradiol, and 95% for 17a-estradiol. At 2 x 10-8 M, no agent resulted in transformation of <75% of the control values, and at 2 x 10-10 M, none resulted in <89% of controls. These effects did not attain statistical significance in the series of experiments performed.
Effect of estrogen on yeast-form growth. Further studies were performed to determine the specificity of the function of 171-estradiol on P. brasiliensis. The yeast form of one isolate was grown in the presence of 10-fold dilutions of 17p-estradiol in medium from 10-6 to 10-10 M. Spectrophotometric readings to determine growth were obtained 1, 2, 3, 6, and 8 days after initiation of the cultures. Cultures grown in tubes free of hormone or ethanol did not show significant growth (<99% transmission) above the threshold of detection of the instrument (ca. 4 x 105 yeast cells per ml) (10) until day 6 . At that time, and on day 8, there was no difference between hormone-free, ethanol-free tubes and tubes containing hormone or the corresponding ethanol control. As an example (comparing means of pairs of tubes at each point), on day 8, when the percent transmission in hormone-free, ethanol-free tubes was 83%, the percent transmission in the presence of 10-fold dilutions of hormone beginning with 10-6 M (Fig. 4) . Each of the other compounds tested showed only weak activity. 17ox-estradiol, the relatively inactive stereoisomer, was ca. 2 to 3% as potent as 1713-estradiol.
Both DES and testosterone were weak competitors, ca. 1% as potent as 17r-estradiol. The inhibition by DES, in contrast to the other compounds, was not dose responsive in two strains.
The binding data for these three isolates of P. brasiliensis are consistent with our initial results in one isolate (19) . In that study it was also shown that the cytosol binder was protein in nature, with an apparent molecular weight of ca. 50,000, and that the [3H]estradiol binding was reversible. DISCUSSION We show in this report that estrogens inhibit mycelium-toyeast transformation of P. brasiliensis. In contrast, yeast-tomycelium transformation, yeast growth, and yeast budding are unaffected by hormones. The isolates possess a cytosolic binding protein which has high affinity and stereo specificity for estradiol. It is our hypothesis that this binding site is involved in the regulation of the function we demonstrated, and that in vivo, inhibition of transformation by estrogen in the lungs of females at the portal of infection provides an explanation for the resistance offemales to the disease. Such inhibition could effectively reduce the propagation of the initial inhaled inoculum, improving the capability of the host to prevent progression of infection, or a delay in transformation could allow females preferentially to develop an immune response. In the transformation studies, mycelial fragments were used rather than purified spores because of the difficulties in obtaining and working with spores; however, we believe that observations with mycelial fragments are relevant to observations about transformation from the mycelial phase and would also apply to spores. At such time that advances in technology enable similar studies with spores, this assumption can be tested directly.
Muchmore et al. (21) showed that both forms of P. brasiliensis were inhibited in their in vitro growth by the female sex hormones estradiol and progesterone, and that stilbestrol was even more potent than these. This finding is probably not relevant to our findings because the hormone concentrations used by Muchmore et al. (1.5 x 10-5 to 3 x 10-5 M estradiol) were far above the physiological range (concentrations as high as 1 x 10-9 to 2 x 10-9 M are reached during the menstrual cycle) (30) . Estradiol, even at 2 x 10-10 M, showed an effect on function in our system, and it is possible that significant effects might be seen at even lower concentrations. The characteristics of the binding protein presented are consistent with an effect at physiological hormone concentrations. An exact concordance cannot, however, be expected because of unknown factors in the in vitro system which may affect hormone activity (e.g., interaction with medium components or agar, effect of microaero- Moreover, the characteristics of the hormone binding have been studied so far with the yeast form, and only in preliminary fashion as yet with the mycelial form, because of biohazard considerations with the latter (25) . The amount of binder present in the mycelial form and its binding characteristics may be different and may explain disparities between hormone concentrations showing a functional effect and the saturation of the binder at that concentration. This disparity was most marked with DES. It is of interest that DES, an apparently weak competitor for [3H]estradiol binding in P. brasiliensis, has a potency equal to that of 171-estradiol in the mammalian receptor system (5). Many of the factors we have discussed which could affect the quantitative correlations are susceptible to further experimental study. These necessary further studies may provide data which support or reject our hypothesis.
We earlier presented (19) hormone binding studies with a single strain. We present here, with three isolates, data on the hormone effect on the transformation function and binding data from the same isolates. The characteristics of the binding by cytosol from these isolates were similar (Table 1) , and were similar to those of the strain previously reported. Thus the presence of a binder is shown to be a property of many P. brasiliensis strains. Moreover, the variation in the hormone effect on transformation in the three isolates detailed here was also small (expressed above as ranges given for Fig. 2 estradiol and tamoxifen, and the conservation of the binder and of the 17,-estradiol susceptibility of mycelium-to-yeast transformation through serial in vitro passages.
The presence of a P. brasiliensis binding protein with high affinity for estrogen suggests conservation throughout evolutionary development of eucaryotes, a conservation in the fungus almost certainly unrelated to the property of binding vertebrate hormone. This finding suggests the existence of an endogenous fungal ligand with specificity for the binder and at least partial structural similarity to estrogen. It is of interest that an estradiol-binding protein has been demonstrated in Saccharomyces cerevisiae (7), a protein similar in density and binding specificity to that in P. brasiliensis. In S. cerevisiae, evidence for an endogenous ligand was presented. Morphological observations, such as the presence of Woronin bodies in the mycelial septa, indicate that P. brasiliensis is a member of the ascomycete fungi (4). One would then expect sexual (perfect) forms to exist, and by analogy with other fungi (3, 9, 12) , the ligand-receptor system may be related to the mating processes. Recently, sexual (perfect) forms have been described for other dimorphic fungi pathogenic for man (15, 16, 20) . The possibility of occupancy by the hypothesized endogenous ligand of the sites in P. brasiliensis which bind estradiol is another consideration in quantitatively comparing the data on effect on transformation and the binding data with circulating hormone concentrations in humans.
